The first attempt to record spinal cord potentials in humans was by Pool,' who noted epileptic-like waveforms from the distal cord in a paraplegic patient. Sawa2 inserted bipolar electrodes into the cords of psychotic patients and noted spikes and waves which were probably injury potentials. Magladery et al were able to identify root and spinal potentials from intrathecal electrodes in the lumbar region following tibial nerve stimulation. Recently it has become possible to record potentials from the skin surface which originate in the spinal cord following peripheral nerve stimulation.4-7 Potentials from the lumbar region have been identified as originating in the roots and cord by Dimitrijevic et al, '7 Delbeke et 1-8gV) , and the latency of the peak was also less (2-12 ms compared with 2-44 ms). The plotted points of NIl lie within or just to the left of the NIl ellipse.
The delay between NI1 and N13 was prolonged by about 1 ms (2-39 compared with 1-35 ms in the normal group). The amplitudes of the N13 potential were the same in both groups. The other difference between the groups was a shorter delay in the spinal injury group between the N14 and N20 potentials (4-35 ms compared with 5-68 ms). However, in spite of these changes the total conduction time from the N9 potential of the brachial plexus to the N20, the first cortical event, was the same in both groups.
The lengthening of the Ni 1-N13 delay in spinal injury was an unexpected finding. NI1 was thought to be generated in the dorsal horn of the cord,6 but our more recent work suggests that NIl may be presynaptic and that N13 is a postsynaptic dorsal horn neurone potential. Whatever the true origin of these potentials there seems to be some slight alteration in their generators after spinal injury some distance caudal to them. One explanation was that the degenerative and regenerative processes which follow trauma could produce a temporary change lasting perhaps seven months from the time of injury. This idea was tested by comparing the Ni I-N13 delay in 12 subjects who had suffered trauma in the previous seven months, and in whom the degeneration process may not have been totally completed, with five subjects whose trauma occurred at least 18 months before recording, allowing ample time for completion of the degeneration process. The N ll-N13 delay was 2-40 ms for the recent trauma group and 2-16 ms for old trauma. Both groups were prolonged compared to normal and although the recently injured group showed a longer delay than the older group, the difference was not statistically significant. Fig 6 Plots of amplitude and latency of the cervical somatosensory evoked potential of patients with lesions at and above Thl. Latencies were measured from the point of stimulation (wrist) so that the N9 ellipse is included. This makes the 90% limits for Nil, N13 and NJ4 broader to accommodate differences in arm length. Note the absence of later potentials in three cases and of the delayed potentials in two others. still), and the EMG signal from these muscles may have swamped the potentials.
Of the five patients from whom potentials were recorded all had a normal N9. In three patients with complete lesions at Cv5 and Cv6 there was a recognisable potential of a latency approporiate for Ni1, but no subsequent potentials. One subject with a partial lesion at Thl, and another with a partial lesion at Cv7, gave small but recognisable Nll potentials but subsequent waveforms were delayed and the N20 appeared at 22 5 ms, whereas it is normally seen at 19-7 ms.
Spinal shock Only one subject with spinal shock was studied, but the observations seem worth recording. Fig 7 shows the lumbar potentials recorded five days after an injury which produced a complete lesion at Th6. At the time of recording he was completely areflexic and atonic with no bladder function or anal sphincter tone. Twelve days later the second recording was done at a time when reflex function was beginning to return. The N10 was of equal size on both occasions but the N14 was large when first tested but within normal limits on the second occasion.
Discussion
The N14 Lumbar potential is a segmental Two hysterics, who had a paraplegia convincing enough to warrant their admission to a spinal injuries unit, both had entirely normal potentials. While such a finding does not exclude some degree of spinal injury, the discrepancies in neurophysiological and clinical findings could be helpful. These techniques could also be of use in assessing patients early after injury especially those with other injuries which preclude their co-operation in clinical examinations.
The potentials have no role in determining the level of a lesion. They could have a role however in assessing the longitudinal extent, especially of lower thoracic and high lumbar lesions where the integrity of the badder reflex mechanisms is irn doubt. Also they could help in the assessment of high cervical lesions, when the survival of phrenic motoneurones is in doubt, and a decision on respiration by phrenic nerve stimulation has to be made. 29 Finally, evoked potentials will play an important role in assessing spinal cord function during any therapy which is aimed at restoring 'spinal cord structure and function. E El-Negamy was supported by the Arab Republic of Egypt.
